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Phellinus linteus has been used as a traditional herbal medi- 
cine in Asian countries and is known to have anti-tumor, im- 
munomodulatory, anti-inflammatory, and anti-allergic activ- 
ities. However, the protective effects of P. linteus against ex- 
perimental asthma have not been fully investigated. The ob- 
jective of this study was to determine whether P. linteus 
ethanol extract (PLE) suppresses inflammatory response in 
an OVA-induced asthma model. As expected, the oral admin- 
istration of PLE significantly inhibited eosinophilic airway in- 
flammation and airway hyperresponsiveness in OVA-chal- 
lenged BALB/c mice. Supporting these data, the augmenta- 
tion of Th2 cytokines (IL-4, IL-5, and IL-13), eotaxin, and ad- 
hesion molecules in lung tissues and bronchoalveolar lavage 
fluid after OVA inhalation was markedly attenuated by PLE. 
Furthermore, PLE reduced OVA-induced activation of NF- kB 
and p38 MAPK in lung tissues. Therefore, our results sug- 
gest the potential of P. linteus as a therapeutic agent for 
asthma. 

[Immune Network 201 4; 1 4(2): 1 07- 1 1 5] 



INTRODUCTION 

Hallmarks of allergic asthma include eosinophilic inflamma- 
tion, reversible airway obstruction, increased mucus pro- 



duction, and airway hyperresponsiveness (AHR) (1). These 
effects are attributed to Th2 cells and other inflammatory fac- 
tors including B cells, mast cells, eosinophils, cytokines, and 
chemokines. In particular, IL-4, IL-5, and IL-13, which are 
produced by Th2 cells, are related to airway inflammatory 
changes and AHR through the activation of eosinophils (2). 
Because the influx and differentiation of Th2 cells contribute 
to the pathogenesis of asthma, increasing attention has been 
paid to compounds that target the activation of Th2 cells for 
the prevention and treatment of asthma. 

The transcription factor NF-atB is considered a master regu- 
lator of inflammation and immune processes and has been 
widely implicated in the induction of asthma and other aller- 
gic disorders (3). Its increased activity has been observed in 
allergen-challenged lungs as well as in the airway epithelial 
cells and macrophages of asthmatic patients (4). According 
to Choi et al. (5), pretreatment with NF-/fB p65 antisense sig- 
nificantly inhibits typical asthmatic features in a murine 
model. Given these results, the development of a new strat- 
egy to inhibit lung-specific NF-/rB activity might constitute an 
interesting topic in the management of asthma. 

MAPKs, which are composed of serine and threonine kin- 
ases, have critical roles in the activation of inflammatory cells. 
They are divided into three major subgroups: extracellular 



Received on January 12, 2014. Revised on March 30, 2014. Accepted on April 3, 2014. 

© This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial 
License (http://creativecommons.Org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribu- 
tion, and reproduction in any medium, provided the original work is properly cited. 

'Corresponding Author. Yun Ho Choi, Department of Anatomy, Medical School, Institute for Medical Sciences, Chonbuk 
National University, San 2-20, Geumam-dong, Jeonju, Korea. Tel: 82-63-270-3082; Fax: 82-63-274-9880; E-mail: 
why76@jbnu.ac.kr 

Keywords: Phellinus linteus, Asthma, Allergic inflammation, Th2 cytokine, NF-ffB, p38 

Abbreviations: AHR, airway hyperresponsiveness; BAL, bronchoalveolar lavage; BW, body weight; Mch, methacholine; 
PLE, Phellinus linteus ethanol extract 



IMMUNE NETWORK Vol. 14, No. 2: 107-1 15, April, 2014 



107 



Anti-asthmatic Effects of Phellinus linteus Extract 
Guang Hai Yan and Yun Ho Choi 



signal-related kinase 1/2, p38, and c-Jun N-terminal kinase 
1/2 (6). Among them, p38 MAPK is markedly activated in the 
lungs of asthmatic mice compared with those of normal mice. 
Blockade of p38 MAPK has been shown to have an anti-in- 
flammatory effect in allergic asthma, suggesting that the in- 
hibition or regulation of p38 MAPK could be essential for 
minimizing asthmatic symptoms (7). 

Phellinus linteus is a well-known fungus in the family 
Hymenochaetaceae. It has been used as a traditional herbal 
medicine in Asian countries and reportedly has various phar- 
macological properties including hepatoprotective, anti-can- 
cer, anti-oxidative, and anti-inflammatory effects (8-10). 
Regarding its anti-allergic activity, we have already shown that 
P. linteus attenuates mast cell-mediated anaphylaxis-like re- 
actions (11). Consistent with this finding, Lim et al. (12) have 
demonstrated that organic solvent extracts of P. linteus sup- 
press IgE production by modulating Thl/Th2 balance in mur- 
ine splenocytes (12). Recently, P. linteus has been revealed 
to reduce inflammatory skin lesions as well as inhibit serum 
IgE production in experimental atopic dermatitis (13). These 
findings favor the hypothesis that P. linteus inhibits allergic 
airway inflammation in a bronchial asthma model. Neverthe- 
less, to our knowledge, the anti-asthmatic effects of P. linteus 
and its mechanism of action have not yet been investigated. 
Thus, the aim of the present study was to investigate whether 
P. linteus exerts a suppressive effect on pulmonary in- 
flammation and AHR in OVA-induced asthmatic mice. 

MATERIALS AND METHODS 
Ethics statement 

All experiments were approved by the institutional animal 
care and use committee of Chonbuk National University 
School of Medicine and were in accordance with the Guide 
for the Care and Use of Laboratory Animals published by the 
National Institutes of Health (NIH Publication 82~23, revised 
1996) as well as the ARRIVE (Animal Research: Reporting In 
Vivo Experiments) guidelines of the National Centre for the 
Replacement, Refinement and Reduction of Animals in 
Research (NC3Rs). All surgery was performed under sodium 
pentobarbital anesthesia, and all efforts were made to mini- 
mize suffering. 

Preparation of P. linteus ethanol extract (PLE) 

Dried fruiting bodies of P. linteus were purchased from the 
collection bank of Huazhong Agricultural University (Hubei, 



China). Active P. linteus was isolated using ethanol precip- 
itation methods. Briefly, P. linteus was soaked in 50% etha- 
nol, boiled at 90°C for 4 h, and filtered through a 270-mesh 
sieve. The sludge from the primary extraction was then ex- 
tracted twice using the same procedure and evaporated to 
dryness with a rotary vacuum evaporator (Yiheng Technology 
Ltd. , Shanghai, China) at 40°C under reduced pressure. The 
yield was 15% of the raw P. linteus. Chemical analysis re- 
vealed that polysaccharides are the major components of PLE, 
consisting of approximately 72% of the mixture and having 
an average molecular weight of 1300. Extract was filtered 
with a 0.2-fj.m syringe filter and adjusted with distilled water 
to give a stock solution in 1 mg/ml for experimental use. The 
solution was stored at 4°C until use. 

Animals and experimental protocols 

Specific pathogen-free, inbred, 7-week-old female BALB/c 
mice were purchased from Damool Science (Daejeon, Korea). 
The mice were maintained in an animal facility under stand- 
ard laboratory conditions for 1 week before experimentation 
and provided water and standard chow ad libitum. Mice were 
immunized intraperitoneally with 10 vg of OVA (chicken egg 
albumin, Sigma, St. Louis, MO, USA) plus 1.0 mg of alumi- 
num hydroxide adjuvant (Imject J Alum; Pierce, Rockford, IL, 
USA). A booster injection of 10 tig of OVA plus 1.0 mg alumi- 
num hydroxide adjuvant was given 10 days later. From days 
17 to 19, the immunized mice were challenged by exposure 
to an aerosol of 1% OVA in PBS for 20 min. The mice were 
divided into groups of seven animals each. Saline-sensitized 
and challenged mice were used as controls. PLE (10 mg/kg 
body weight [BW]) dissolved in saline was administered by 
oral gavage to each animal at 24-h intervals on days 21 — 23 
beginning 1 h before each OVA provocation. An NF-/rB in- 
hibitor (BAY 11-7085, 20 mg/kg BW, Sigma) or a p38 MAPK 
inhibitor (SB 239063, 0.75 mg/kg BW, Sigma) dissolved in 
sterile DMSO-PBS was injected intraperitoneally into each ani- 
mal twice on days 21 and 23. In the present study, a vehicle 
(0.1% v/v DMSO) had no significant effect on key character- 
istics of allergic asthma (AHR, inflammation, goblet cell meta- 
plasia, and IgE) and important mediators (Th2 cytokines, eo- 
taxin, and adhesion molecules) in an experimental murine 
model induced by exposure to OVA (data not shown). 

Assessment of AHR 

AHR was measured 2 days after the last OVA challenge. 
Conscious, unrestrained mice were placed in a barometric 
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plethysmographic chamber (Synol High-Tech, Beijing, China), 
and baseline readings were taken and averaged for 3 min. 
Aerosolized methacholine (Mch) in increasing concentrations 
(from 2.5 to 50 mg/ml) was then nebulized through an inlet 
of the main chamber for 3 min, and readings were taken and 
averaged for 3 min after each nebulization. The broncho- 
pulmonary resistances are expressed as enhanced pauses 
(Penh), which were calculated as follows: (expiratory time/re- 
laxation time — 1) x (peak expiratory flow/peak inspiratory 
flow), according to the chamber manufacturer's protocol. The 
results are expressed as the percentage increase in Penh over 
the baseline after challenge performed with each concen- 
tration of Mch, where the baseline Penh (after saline chal- 
lenge) is expressed as 100%. 

Collection of bronchoalveolar lavage (BAL) fluid and 
differential cell count 

Immediately after the assessment of airway responsiveness, 
mice were anesthetized and their tracheas were cannulated 
while the thorax was gently massaged. The lungs were lav- 
aged with 0.7 ml of PBS. BAL fluid samples were collected, 
and the number of total cells in a 0.05-ml aliquot was count- 
ed using a hemocytometer (Baxter Diagnostics, Deerfield, II, 
USA). The remaining samples were centrifuged, and the su- 
pernatants were stored at — 70°C until use for assays of total 
and OVA-specific IgE, TNF-ff, IL-10, IL-4, IL-5, IL-13, eotaxin, 
ICAM-1, and VCAM-1 levels. The cell pellets were re- 
suspended in PBS, and cytospin preparations of the BAL cells 
were stained with Diff-Quik solution (International Reagents, 
Kobe, Japan). Cell differentials were then enumerated based 
on cell morphology and staining profiles. Counting was per- 
formed by an observer blind to the experimental treatments. 

Cytokine measurement 

Total and OVA-specific IgE, TNF-ff , IL-l/S , IL-4, IL-5, IL-13, 
eotaxin, ICAM-1, and VCAM-1 levels in BAL fluids were de- 
termined using mouse ELISA kits (R&D Systems, Minneapolis, 
MN, USA) according to the manufacturer's instructions. The 
lower limits of detection for the cytokines were as follows 
(pg/ml): TNF- a , 5.1; IL-1/3, 2.0; IL-4, 3.3; IL-5, 5.0; IL-13, 
1.5; eotaxin, 3.0; ICAM-1, 0.017; and VCAM-1, 20. 

Histological examination of murine lung tissues 

Lungs were fixed with 10% formalin, and the tissues were 
embedded in paraffin. Fixed tissues were cut into sections 4- 
ftm thick, placed on glass sides, and deparaffinized. Sections 



were stained with H&E and periodic acid-Schiff for light mi- 
croscopic examination. 

Western blot analysis 

Freshly isolated lung tissues were homogenized in the pres- 
ence of protease inhibitors, and protein concentrations were 
determined using the Bradford reagent (Bio-Rad, Hercules, 
CA, USA). A 30- fig sample of protein from the lung homoge- 
nates was loaded per lane on a 12% SDS-PAGE gel for 
electrophoresis. The proteins were then transferred to nitro- 
cellulose membranes. Western blot analysis was performed 
using polyclonal antibodies against poly (ADP-ribose) poly- 
merase, /3-actin (Santa Cruz Biochemicals, Santa Cruz, CA, 
USA), phosphorylated (p)-p38, or p38 (R&D Systems). The 
binding of antibodies was detected using an ECL detection 
system (iNtRON Biotechnology, Seoul, Korea) according to 
the manufacturer's instructions. 

Cytosolic and nuclear protein extractions for NF-/rB 
analysis 

Cytosolic or nuclear extractions from harvested lung tissues 
were performed as described previously (14). For western 
blot analysis, samples were processed using the procedure 
described above. NF-atB activation was assayed using the an- 
tibody against NF-£B p65 (Cell Signaling Technology, 
Danvers, MA, USA), lKB-a (R&D Systems), or p-lKB-a 
(Santa Cruz). 

EMSA 

To inhibit endogenous protease activity, we added 1 mM 
PMSF to lung nuclear extracts. An oligonucleotide containing 
a a: -chain binding site (KB, 5 ' -CCGGTTAACAGAGGGGG- 
CTT-TCCGAG-3') was used as an EMSA probe. The two com- 
plimentary strands were annealed and labeled with [ ff- 32 P] 
deoxycytidine triphosphate. Labeled probe (10,000 cpm), 10 
ftg of nuclear extract, and binding buffer (10 mM Tris-HCl, 
pH 7.6, 500 mM KCl, 10 mM EDTA, 50% glycerol, 100 ng 
poly(deoxyinosinic-deoxycytidylic) acid, and 1 mM dithio- 
threitol) were then incubated for 30 min at room temperature 
in a final volume of 20 fi 1. Reaction mixtures were analyzed 
using electrophoresis on 4% polyacrylamide gels in 0. 5 x 
Tris-borate buffer. DNA-protein interactions were specific for 
NF-zcB as demonstrated by competition EMSA using a 50-fold 
excess of unlabeled oligonucleotide (data not shown). 
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Densitometric analysis and statistical analysis 

All immunoreactive and phosphorylation signals were ana- 
lyzed with densitometric scanning (Gel Doc XR; Bio-Rad, 
Hercules, CA, USA). Data are expressed as means+SEM. 
Statistical evaluation of the data was performed with ANOVA 
followed by Dunnett's post-hoc test using Prism 5 software 
(GraphPad Software, San Diego, CA, USA). Results with a p 
value of <0.05 were considered statistically significant. 

RESULTS 

PLE inhibits OVA-induced AHR, chemotaxis, and inflam- 
matory reactions in experimental asthma 

One functional consequence of the inflammatory process that 
underlies asthma is AHR. In this study, AHR was determined 
in Penh and was substantially increased in OVA-challenged 
mice compared with control mice in response to Mch 



inhalation. PLE, SB 239063, or BAY 11-7085 dramatically pre- 
vented AHR in response to inhaled Mch, as shown in Fig. 
1A, suggesting that in vivo immune-mediated pathology was 
modified. Next, to examine the effect of PLE on chemotaxis — 
that is, the recruitment of inflammatory cells into the airway— 
we counted inflammatory cells in BAL fluids. We analyzed 
the cellular composition of the BAL fluids of mice 48 h after 
the last OVA challenge. In saline-treated mice, OVA challenge 
resulted in a marked increase in eosinophils and slight in- 
creases in neutrophils and lymphocytes compared with 
counts in control mice (Fig. IB). However, pretreatment with 
PLE, SB 239063, or BAY 11-7085 significantly attenuated 
OVA-induced recruitment of eosinophils (p<0.05). The ob- 
served reduction in chemotaxis in the airway correlated with 
the histological changes in lung parenchyma. Lungs from 
OVA-challenged mice showed widespread perivascular and 
peribronchiolar inflammatory cell infiltrates (Fig. 1C and D). 




Figure 1. Airway hyperresponsiveness, differential cell counts in bronchoalveolar lavage (BAL) fluids, and histological evaluation of lung 
inflammation after OVA sensitization and treatment with Phellinus linteus ethanol extract (PLE). (A) All animals were nebulized with various 
concentrations of methacholine as a bronchoconstrictor. Data are shown as the percentage increase in Penh over the baseline, where the baseline 
Penh of the saline-treated control group is expressed as 100%. (B) Analysis of the effect of PLE, SB 239063, or BAY 11-7085 on OVA-induced 
differential cell counts in BAL fluid. EOS, eosinophil; NEU, neutrophil; MAC, macrophage; LYM, lymphocyte. (C) Paraffin-embedded lung sections 
were stained with H&E and periodic acid-Schiff (PAS). Magnification 200x. Bars indicate 50 vm. Data represent three independent experiments. 
(D) Inflammation scores. Total lung inflammation was defined as the average of the peribronchial and perivascular inflammation scores. (E) 
Quantitation of airway mucus expression. Sampling was performed 48 h after the last OVA challenge in mice. Results from three independent 
experiments with seven mice/group are given as means + SEM. SAL + SAL, saline-challenged mice administered saline; OVA + SAL, OVA-challenged 
mice administered saline; OVA+PLE, OVA-challenged mice administered PLE; OVA+SB 239063, OVA-challenged mice administered SB 239063; 
OVA+BAY, OVA-challenged mice administered BAY 11-7085. *p<0.05 vs. SAL + SAL; *p<0.05 vs. OVA + SAL. 
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Moreover, the percentage of mucus-producing goblet cells 
(indicated by periodic acid-Schiff staining) in OVA-challenged 
mice was substantially greater than that in control mice (see 
Fig. 1C and E). However, administration of PLE significantly 
reduced inflammatory cell infiltration and goblet cell hyper- 
plasia. These results indicate that PLE efficiently attenuates al- 
lergic airway inflammation and mucus hypersecretion in 
OVA-induced asthmatic mice. 

PLE attenuates the release of total and OVA-specific 
IgE into the BAL fluids of OVA-challenged mice 

Total and OVA-specific IgE levels were determined with 
ELISA in each experimental group. IgE levels in BAL fluids 
were dramatically elevated in OVA-challenged mice com- 
pared with those in control mice. However, the admin- 
istration of PLE or BAY 11-7085 to OVA-challenged mice sig- 
nificantly reduced total and OVA-specific IgE levels (Fig. 2). 

PLE reduces the levels of cytokines involved in the 
pathophysiology of asthma in OVA-challenged mice 

Allergic asthmatic inflammation is caused by the secretion of 
a series of proinflammatory (TNF-ff and IL-1/3) and Th2 (IL-4, 



IL-5, and IL-13) cytokines (15). To assess the effect of PLE 
on pulmonary inflammation in asthmatic mice, we measured 
the levels of these cytokines in BAL fluids. ELISA showed that 
the levels of TNF-ff, IL-1/3, IL-4, IL-5, and IL-13 in BAL fluids 
were significantly increased in OVA-challenged mice com- 
pared with those in control mice (see Fig. 2). These increases 
were significantly decreased by the administration of PLE or 
BAY 11-7085. Moreover, given that chemokines and leuko- 
cyte-endothelial adhesion molecules are central in the recruit- 
ment and migration of leukocytes to the sites of inflammation 
(16), the levels of eotaxin, ICAM-1, and VCAM-1 were 
measured. Changes in the levels of these cytokines were sim- 
ilar to those observed for the aforementioned cytokines, in- 
dicating that OVA challenge-induced increases in cytokine 
levels can be reversed by PLE or BAY 11-7085. 

PLE suppresses the nuclear translocation of NF-atB 
and phosphorylation of 1/cB-a in the lung tissues of 
allergic mice 

In view of the present data that AHR and eosinophilic in- 
flammation in asthmatic mice are blocked by BAY 11-7085, 
a specific NF-/rB inhibitor, and that NF-zcB plays a key role 
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Figure 2. Assessment of IgE, pro- 
inflammatory and Th2 cytokines, 
and adhesion molecules in the BAL 
fluids of OVA-sensitized mice treat- 
ed with PLE. The levels of IgE, 
pro-inflammatory (TNF-ff and IL-1/9) 
and Th2 (IL-4, IL-5, and IL-13) 
cytokines, and adhesion molecules 
(eotaxin, ICAM-1, and VCAM-1) 
were quantified with ELISA. Sampl- 
ing was performed 48 h after the 
last OVA challenge. Results from 
three independent experiments with 
seven mice/group are given as means 
+ SEM. SAL + SAL, saline-challeng- 
ed mice administered saline; OVA 
+ SAL, OVA-challenged mice ad- 
ministered saline, OVA+PLE, OVA- 
challenged mice administered PLE; 
OVA+BAY, OVA-challenged mice 
administered BAY 11-7085. *p< 
0.05 vs. SAL + SAL; *p<0.05 vs. 
OVA + SAL. 
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Figure 3. Effect of PLE on OVA- 
induced NF-rfS activation. The 
translocation of p65 to the nucleus 

(A) as well as \icB-a phosphory- 
lation and degradation in cytoplasm 

(B) and NF-kB DNA binding activity 

(C) were assessed with western blot 
and EMSA, respectively. Density 
ratio vs. /3-actin was measured 
using a densitometer. Results from 
three independent experiments with 
seven mice/group are given as means 
+ SEM. SAL + SAL, saline-challeng- 
ed mice administered saline; OVA 
+ SAL, OVA-chal lenged mice ad- 
ministered saline; OVA+PLE, OVA- 
challenged mice administered PLE; 
OVA+SB 239063, OVA-challenged 
mice administered SB 239063. *p 
<0.05 vs. SAL + SAL; *p<0.05 vs. 
OVA + SAL. 



in allergic lung inflammation by inducing the transcription of 
various proinflammatory mediators (3), we hypothesized that 
PLE attenuates airway inflammatory reactions by suppressing 
NF-zcB activation. To test this hypothesis, we first studied the 
nuclear translocation of the NF-/CB p65 subunit in lung tissues 
after OVA challenge and observed a decrease and an increase 
of NF-zcB p65 levels in the cytosol and nuclei, respectively, 
of OVA-challenged lungs (Fig. 3A). By contrast, cytosolic and 
nuclear extracts from PLE- or SB 239063-treated mice dis- 
played suppressed nuclear translocation. 

Next, the effects of PLE on OVA-induced phosphorylation 
and degradation of I KB- a were evaluated to clarify the mo- 
lecular mechanisms through which PLE inhibits NF-zcB 
activity. PLE and SB 239063 significantly reduced the OVA-in- 
duced phosphorylation and degradation of I KB- a in the cyto- 
sol of OVA-challenged lung tissues (Fig. 3B). Furthermore, 
EMSA revealed an increase in the binding activity of lung nu- 



clear extracts to the NF-a:B consensus sequence in OVA-ex- 
posed mice (Fig. 3C) compared with control mice, whereas 
PLE markedly blocked the DNA binding activity of NF-ffB. 
Taken together, these findings indicate that PLE represses 
NF-zcB transcriptional activity, possibly by stabilizing I KB- a 
and impairing the nuclear transport of the p65 subunit in the 
lung tissues of OVA-challenged mice. 

PLE blocks OVA-induced phosphorylation of p38 MAPK 
in asthmatic mice 

To investigate whether the inhibition of asthmatic response 
by PLE is mediated through p38 MAPK, we examined the 
phosphorylation of p38 MAPK in OVA-challenged mice pre- 
treated with PLE or SB 239063, a p38 MAPK inhibitor. As 
shown in Fig. 4, PLE and SB 239063 effectively inhibited 
OVA-induced phosphorylation of p38 MAPK in allergic mice. 
On the contrary, the expression of p38 was unaffected by 
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Figure 4. Effect of PLE on OVA-incluced p38 mitogen-activate protein 
kinase (MAPK) activation. Protein expressions of phosphorylated 
(p)-p38 and p38 in lung tissues were evaluated 48 h after the last 
OVA challenge. Density ratio vs. /3-actin was measured using a 
densitometer. Results from three independent experiments with seven 
mice/group are given as means + SEM. SAL + SAL, saline-challenged 
mice administered saline; OVA + SAL, OVA-challenged mice admini- 
stered saline; OVA + PLE, OVA-challenged mice administered PLE; 
OVA + SB 239063, OVA-challenged mice administered SB 239063. 
# p<0.05 vs. SAL+SAL; *p<0.05 vs. OVA + SAL. 



OVA, PLE, or SB 239063. 
DISCUSSION 

Allergic airway inflammation, characterized by increased in- 
filtration of leukocytes such as eosinophils and considerable 
secretion of mucus into the airways, is a major factor in the 
pathogenesis of asthma. In particular, eosinophils have long 
been recognized as principal effector cells, and they play 
pathogenic roles in asthma through release of cytotoxic gran- 
ule proteins (17). Our present findings show that PLE pre- 
vents eosinophilic infiltration into the airway, as evidenced 
by a significant drop in total cell counts and eosinophil counts 
in BAL fluid. 

Likewise, tissue eosinophilia is also inhibited, as revealed 
by a marked reduction of inflammatory cell infiltration on his- 
tological examination. Eosinophilic transmigration into the 
airways is a multistep process orchestrated by not only Th2 
cytokines such as IL-4, IL-5, and IL-13, but also by proin- 
flammatory cytokines including TNF-ff and IL-1/2 and coordi- 
nated by a chemotactic cytokine (eotaxin) in combination 
with adhesion molecules including ICAM-1 and VCAM-1 (18, 



19). IL-4 is required for B cell maturation and IgE synthesis, 
and it participates in the initiation of Th2 inflammatory 
responses. IL-5 is pivotal for growth, differentiation, recruit- 
ment, and survival of eosinophils. IL-13 potently induces mu- 
cus hypersecretion, eotaxin expression, airway inflammation, 
and AHR (20,21). TNF-ff and IL-l/ff exert similar responses, 
which include upregulation of eosinophil chemoattractants 
and adhesion molecules, recruitment of eosinophils, elevation 
of cytokine release, and enhancement of AHR (15). Accord- 
ing to the current study, PLE attenuates the increased release 
of Th2 and proinflammatory cytokines, eotaxin, and adhesion 
molecules into the airway of OVA-challenged mice. From 
these findings, we speculate that PLE prevents eosinophilic 
airway inflammation by diminishing the secretion of the 
aforementioned cytokines into lungs. 

AHR is a hallmark clinical symptom of asthma and is de- 
fined as an abnormal increase in airflow limitation in re- 
sponse to a provoking stimulus. Although few studies have 
examined the precise mechanisms through which airway in- 
flammation enhances AHR, the release of various mediators 
during allergic inflammation is suggestive of their critical role 
in AHR development (22). For example, IL-5 plays a crucial 
role in AHR by mobilizing and activating eosinophils, leading 
to the release of proinflammatory products such as major ba- 
sic protein and cysteinyl leukotrienes, which are closely asso- 
ciated with AHR (23). Similarly, IL-4 and IL-13 induce AHR 
in murine asthma models in which cysteinyl-leukotrienes 
might be causative agents of AHR (24). Moreover, AHR could 
be brought about by a direct effect of TNF-ff on airway 
smooth muscle (25). Furthermore, IgE-mediated mast cell ac- 
tivation may contribute to AHR by producing a wide array 
of inflammatory mediators and cytokines (26), which extends 
the potential importance of our previous results that water ex- 
tract from P. linteus inhibits IgE-induced mast cell de- 
granulation in suggested mechanisms of AHR (11). As such, 
the observed reduction of AHR by PLE may be related to a 
decrease in Th2 cytokine production, tissue eosinophilia, 
TNF-ff levels, and mast cell degranulation by PLE. 

The transcription factor NF- k B regulates a wide variety of 
target genes that encode multiple inflammatory cytokines 
such as TNF-ff, IL-1/3, IL-4, IL-5, IL-13, ICAM-1, and VCAM-1, 
all of which are closely implicated in the pathogenesis of 
asthma, as mentioned above (3). Our results indicate that PLE 
exerts anti-NF- K B actions in the lung tissues of OVA-chal- 
lenged mice. Moreover, suppression of NF-atB activity by 
BAY 11-7085, a specific inhibitor of NF-/cB, not only reduces 
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the levels of the aforementioned cytokines but also amelio- 
rates eosinophilic airway inflammation and AHR in our model 
in line with the results of a previous report (27). Taken to- 
gether, these results suggest that the mechanism underlying 
the anti-asthmatic effects of PLE may be attributed to the in- 
hibition of NF- KB transcriptional activity and subsequent re- 
duction of proinflammatory chemical mediators. 

As described previously, p38 MAPK is considered to play 
a cardinal role in allergic asthma (7). Supporting this con- 
tention, our study demonstrates that the augmentation in asth- 
matic symptoms as well as the phosphorylation of p38 MAPK 
after OVA inhalation is significantly reduced after the admin- 
istration of SB 239063, a selective p38 MAPK inhibitor. 
Moreover, SB 239063 prominently represses NF-zcB activity in 
OVA-challenged lungs, suggesting that p38 MAPK acts up- 
stream of the NF-/TB signaling pathway in allergic airway 
disease. Likewise, PLE dramatically decreases the activity of 
p38 MAPK and NF- KB in the lung tissues of OVA-challenged 
mice. Accordingly, these observations encourage the view 
that the treatment of allergic mice with PLE suppresses p38 
MAPK and subsequently disrupts NF-zcB activity, reversing 
the pathophysiologic features of asthma. 

Ethanol extraction is the first step in the separation, charac- 
terization, and quantification of phenolic compounds from 
plant materials. As previously described, P. linteus is ex- 
tracted with 70~80% ethanol and can subsequently be frac- 
tionated into aromatic compounds such as hispolon, hispidin, 
and inotilone, all of which exhibit anti-inflammatory and an- 
ti-oxidative effects (28-30). Therefore, PLE is likely to contain 
these agents, which might be the active components respon- 
sible for the anti-asthmatic activity of PLE. Future work 
should be directed toward the purification and identification 
of the asthma-relieving constituents of P. linteus. 

In conclusion, our data indicate that PLE may ameliorate 
asthmatic inflammation and AHR by downregulating proin- 
flammatory and Th2 cytokines via inhibition of the p38 
MAPK-NF-zcB module. These findings suggest that P. linteus 
is a potential anti-inflammatory agent in asthma treatment. 
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